The new class of plant small peptide regulators was recently shown to be encoded by pri-miRNA transcripts which can be transported to cytoplasm in unprocessed mRNA-like form. Striking similarities in general phenotypic activities between human miR200a/b and plant miR156a suggested us that a comparison with the coding potential between the corresponding pri-miRNAs could identify parallels in the encoded miPEPs.
Introduction
Previously, non-coding RNAs (ncRNAs), including micro-RNAs (miRNAs) and other long non-coding RNAs (lncRNAs), have been generally considered unable to encode proteins both in plants and animals [1] [2] [3] [4] [5] [6] [7] [8] [9] . The peptide encoded by lncRNA first attracted the attention of a group of scientists in the study of plant lncRNA in legumes [7, 10] . It was discovered that the gene, called an early nodulin 40 (Enod40), previously annotated as transcribed with the formation of lncRNA encodes actually two short peptides (with a length of 12 and 24 amino acid residues) in plants, where they participate in the organogenesis of the root nodules [10, 11] . Since then, many studies have been conducted to identify potential candidates among lncRNAs that can encode functional peptides (in a number of papers they are called microproteins, or sPEPs) [4, 5, 12] ORFs that have the potential to encode peptides.
Researchers now consider the peptides encoded by lncRNAs as a new functional type because of their role in many biological processes [2] [3] [4] [5] [6] [7] [8] [9] 12 ].
The first identification of microproteins in animals is related to studies of lncRNAs in Drosophila. It turned out that four peptides, encoded by a number of long non-coding RNAs, have a length of 11 to 32 residues and are necessary for embryonic development of flies [13, 14] . Since then, several microproteins have been functionally characterized, which may act, for example, as signals promoting cell migration and differentiation of human cells [5, 7] . It has recently been found that a group of such peptides plays an important role in calcium homeostasis, and thus affects regular muscle contractions [5, 7] . Another peptide has recently been identified and called a "minion".The functional characteristic of this peptide [15] showed that the "minion" controls cell fusion and formation of muscles [16] . The functionality of microproteins has also been shown in the process of oncogenesis. For example, a small peptide that is encoded by lncRNA HOXB-AS3 inhibits oncogenesis by regulating alternative splicing and metabolic reprogramming of colon cancer cells [5] [6] [7] 17] .
Since the first microproteins were functionally characterized in plants, analyses using high-throughput sequencing revealed a large number of "translatable" long non-coding RNAs in various organisms [11, 12, 18 ]. These RNAs have been found to be involved in various biological processes, including plant growth and development, as well as response to environmental stresses [18] . It was shown that a peptide with a length of 36 residues, which is encoded by the gene POLARIS (PLS) in Arabidopsis affect root growth and microanatomy of the leaf blade (reviewed in [7] ). In addition, two more microproteins, ROT18/ DLV1 and KOD, were characterized in Arabidopsis and found to participate in the processes of organogenesis and regulation of programmed cell death [5, 7, 19] . Two corn microproteins, Zm401p10 and Zm908p11, have also been recently identified and were shown to be involved in pollen development [12, 20] Micro-RNAs derived from primary miRNAs (pri-miRNA) play a crucial role in posttranscription gene regulation by inhibiting translation or directing degradation of mRNA targets [21] . Currently, pri-miRNAs are regarded as specialized subclass of lncRNAs [3] . Indeed, pri-miRNAs like lncRNAs contain no long ORFs. However, obvious mark for pri-miRNAs is the hairpin region corresponding to pre-miRNA which is precursor for micro-RNAs [3] ( Figure   1 ). Some miRNA genes are transcribed as lncRNAs by DNA-dependent RNA polymerase II. These lncRNAs were shown to contain "cap"-structure and poly(A)-tail.
Most important, such lncRNAs include specific imperfect hairpin structures which are processed inside nucleus by DCL enzyme complexes giving rise to mature short double-stranded miRNA molecules with a length of 21-24 residues. thaliana seedlings with miPEP165a also led to the specifically increased accumulation of miR165a [2, 23] .
Recently, miPEP172c has been shown to control nodulation in soybean [5, 24] . It is known that several miRNAs regulate various stages of the process of nodule formation [25] . Soybean pri-miR172c was shown to stimulate nodulation by reducing the activity of factor nnc1 [26] . Even watering soybean plants with a solution containing a synthetic peptide miPEP172c, led to an increased number of nodules. This enhanced nodule formation is also correlated with increased pri-miR172c expression [24] . 
Materials and Methods
Sequences for comparative analysis were retrieved from NCBI 
Results and Discussion

The coding potential of the miR156a transcript precursors (pri-miRNAs) in plants of genus Brassica
The coding potential of the miR156a transcript precursors in plants of family Brassicaceae
Comparative analysis of amino acid sequences of miPEP-156a in genus Brassica (Figure 2 ) showed that a similar peptide was predicted in a computer analysis performed previously in a pioneering study of miPEPs in Arabidopsis thaliana (see Table 2 , Extended data, in reference [23] Figure 2) . No protein sequences similar to predicted miPEP-156a were revealed to be encoded in plant families other than Brassicaceae.
Putative deviations in the expression modes of the miPEP-156a ORFs
Comparison of the available genomic and transcriptomic nucleotide sequences for themiPEP-156a
ORFs showed that in most cases (including tribe 
Peculiarities of the primary structure of miPEP-156a
Sequence alignment of predicted miPEP-156a micropeptides was obtained using complete miPEP-156a ORF sequences from Brassicaceae retrieved from NCBI DataBank (Table 1) . We conducted multiple alignments using Clustal W algorithms in MEGA 6.06 software [34] . Based on this alignment, family-wide conserved residues were identified ( Figure 2 ). It was revealed that miPEP-156a microproteins from genus
Brassica contain all most conserved residues and can be regarded as a representative protein family member. It should be noted that several microproteins, for example Barbarea vulgaris miPEP-156a ( Figure 2) , show much less similarity to micropeptides from genus Brassica than most other members of peptide family.
Amino acid sequence parameters of miPEP-156a:
The physical parameters of Brassica rapa miPEP-156a microprotein were predicted using Protparam server (https://web.expasy.org/protparam/) ( Table 2 ). The predicted score for predicted miPEP-156a was found between 1.2 and 34. These data showed that micropeptide possesses significant internal polarity.
Possible protein modification sites in the miPEP-156a:
We also attempted to predict the protein modification sites that could potentially modify the structure miPEP-156a using http://www.cbs.dtu.dk/ services [35] .
According to Netphos 3.1 server predictions, we revealed the presence of two potential Ser and Thr phosphorylation sites (Ser-4 and Thr-24). Moreover, potential O-(alpha)-GlcNAc glycosylation site was found in the N-terminal region of the micropeptide at Ser-4 ( Figure 2 ).
Peculiarities of the secondary and tertiary structures of the predicted miPEP-156a
Due to the absence of suitable experimental structural models, traditional sequence similarity modeling cannot be used. The secondary structure and three-dimensional models of the predicted miPEP-156a were predicted in silico using protein structure prediction method I-TASSER (Iterative Threading ASSEmbly Refinement).
The secondary structure of micropeptide showed that the sequence contains mainly alpha helices (residues 7-12 and 17-28), as well as coils (residues 13-16 and 29-33) and extended strand (residues 1-6) ( Figure 2) . In order to get the spatial structure of predicted miPEP-156a, an ab-initio approach was used. By using this approach several models were generated through I-Tasser for B. rapa a n d A. thaliana. All models suggested that miPEP-156a is indeed alpha-helical protein with two ordered domains (Figure 3 ). Moreover, using http://galaxy.seoklab.org/cgi-bin/submit.cgi?type=HOMOMER we predicted that miPEP-156a can form tetramers (Figure 4 ). 
Conclusions
In the current study the occurrence and structural characterization of predicted miPEP-156a in the family Brassicaceae has been undertaken using bioinformatic approaches. Our analysis showed that this micropeptide is evolutionarily conserved in a particular plant family.
We propose that functional properties of miPEP-156a can be affected by post-translational modifications.
Particularly, it was predicted that phosphorylation and glycosylation which are the most common types of posttranslational modifications of proteins are predicted for micropeptide with significant confidence [36, 37] .
The peptides predicted in our study may affect some steps in the plant development as it was shown for 
